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OBJECTIVE: The association between rarely used anthropometric measurements (e.g., mid-upper arm, forearm, 
and calf circumference) and metabolic syndrome has not been proven. The aim of this study was to assess 
whether mid-upper arm, forearm, calf, and waist circumferences, as well as waist/height ratio and waist-to-hip 
ratio, were associated with metabolic syndrome. 

METHODS: We enrolled 387 subjects (340 women, 47 men) who were admitted to the obesity outpatient 
department of Istanbul Medeniyet University Goztepe Training and Research Hospital between September 
2010 and December 2010. The following measurements were recorded: waist circumference, hip circumference, 
waist/height ratio, waist-to-hip ratio, mid-upper arm circumference, forearm circumference, calf circumference, 
and body composition. Fasting blood samples were collected to measure plasma glucose, lipids, uric acid, 
insulin, and HbAlc. 

RESULTS: The odds ratios for visceral fat (measured via bioelectric impedance), hip circumference, forearm 
circumference, and waist circumference/hip circumference were 2.19 (95% CI, 1.30-3.71), 1.89 (95% CI, 1.07- 
3.35), 2.47 (95% CI, 1.24-4.95), and 2.11(95% CI, 1.26-3.53), respectively. The bioelectric impedance-measured 
body fat percentage correlated with waist circumference only in subjects without metabolic syndrome; the 
body fat percentage was negatively correlated with waist circumference/hip circumference in the metabolic 
syndrome group. All measurements except for forearm circumference were equally well correlated with the 
bioelectric impedance-measured body fat percentages in both groups. Hip circumference was moderately 
correlated with bioelectric impedance-measured visceral fat in subjects without metabolic syndrome. Muscle 
mass (measured via bioelectric impedance) was weakly correlated with waist and forearm circumference in 
subjects with metabolic syndrome and with calf circumference in subjects without metabolic syndrome. 

CONCLUSION: Waist circumference was not linked to metabolic syndrome in obese and overweight subjects; 
however, forearm circumference, an unconventional but simple and appropriate anthropometric index, was 
associated with metabolic syndrome and bioelectric impedance-measured visceral fat, hip circumference, and 
waist-to-hip ratio. 
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■ INTRODUCTION 

Metabolic syndrome (MetS) was described by Reaven in a 
1988 Banting award lecture, and the National Cholesterol 
Education Program-Adult Treatment Panel III (NCEP-ATP 
III) has recommended the most commonly used criteria 
for diagnosing MetS (1,2). The International Diabetes 
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Federation (IDF) recently proposed using lower cut-off 
values for waist circumference (WC) for some ethnic groups 
to identify individuals who are likely to have insulin 
resistance (3). High waist circumference is a mandatory 
criterion for MetS diagnosis in the IDF criteria. MetS 
includes visceral adiposity, which is closely associated with 
diabetes, hyperlipidemia, hypertension, and cardiovascular 
disease (MetS components) (4,5). The relationship between 
waist circumference and intra-abdominal obesity depends 
on age, gender, and ethnicity (6,7). Findings in studies of 
different ethnic groups have revealed inconsistent results (8- 
11). 

Although studies have indicated the harmful metabolic 
effect of high amounts of visceral adipose tissue, evidence 
suggests that subcutaneous fat is not without harm (12,13). 
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Visceral and subcutaneous fat tissue is associated with 
inflammatory markers and disease risk (14). High levels of 
subcutaneous fat can also contribute to insulin resistance 
(15,16). Moreover, WC is more highly correlated with 
subcutaneous fat tissue than with visceral adipose tissue (17). 

According to the results of previous studies, in some 
ethnic groups, the structural heterogeneity of tissue in the 
abdominal region does not allow the use of a unique 
definition of abdominal obesity or, consequently, MetS. 
Several anthropometric indices, such as body mass index 
(BMI), waist circumference (WC), hip circumference (HC), 
waist-to-hip ratio (WC/HC), and waist /height ratio (WC/ 
ht), have been proposed to identify individuals who are at 
risk of MetS and its components (18,19). These anthropo- 
metric indices have been investigated in numerous publica- 
tions, but direct measurements related to the extremities, 
such as the mid-upper arm circumference (MUAC), forearm 
circumference (FC), and calf circumference (CC), have not 
studied in relation to MetS. In addition, the relationship 
between body composition and these rarely used anthro- 
pometric indices has not been reported in any population. 

Our purpose was to determine the association between 
MetS and MUAC, FC, and CC as unusual anthropometric 
measurements. The correlation of all anthropometric mea- 
surements (WC, HC, WC/HC, WC/ht, MUAC, FC, and CC) 
with % body fat (bioelectric impedance body fat percentage, 
BEI-BF), visceral fat (bioelectric impedance visceral fat, BEI- 
VF), and % body muscle (bioelectric impedance muscle 
percentage, BEI-M) was assessed using the bioelectric 
impedance method. 

■ METHODS 

We conducted a cross-sectional study of 387 consecutive 
subjects (340 women, 47 men) aged 18 to 64 years who were 
admitted to the obesity outpatient department of Istanbul 
Medeniyet University Goztepe Training and Research 
Hospital between September 2010 and December 2010. 
The exclusion criteria included overt or subclinical 
hypothyroidism, hyperthyroidism, Cushing's disease, insu- 
lin- or sulfonylurea-dependent diabetes, malignancy, 
chronic renal and hepatic failure, and NYHA stage 3 and 
stage 4 congestive heart failure. The ethics committee of 
Istanbul Medeniyet University Goztepe Training and 
Research Hospital, Istanbul approved this study, and 
written informed consent was obtained from all subjects. 

Biochemical measurements 

Blood specimens were collected after 10 to 12 hours of 
fasting. Fasting plasma glucose, total cholesterol, triglycer- 
ides, HDL-C, LDL-C, uric acid, fasting insulin, and HbAlc 
were measured with standard assays. A Roche Cobas 8000 
analyzer (Roche Diagnostics, Switzerland) was used to 
measure fasting plasma glucose (intra-assay cv % 1.7 and 
0.7 for low and high concentrations, respectively), uric acid 
(intra-assay cv % 0.6 and 0.3 for low and high concentrations, 
respectively), triglycerides (intra-assay cv % 0.9 and 0.6 for 
low and high concentrations, respectively) and HDL-C (intra- 
assay cv % 0.8 and 0.6 for low and high concentrations, 
respectively). A Beckman Coulter Unicel Dxl 800 (Beckman 
Coulter Inc, USA) was used for the insulin assay (intra-assay 
cv % 5.6, 4.5, and 3.1 for normal, intermediate, and high 
concentrations, respectively). Primus MRDV with the HPLC 
technique was used for HbAlc (intra-assay cv % 0.82, 0.91, 



and 0.46 for normal, intermediate, and high concentrations, 
respectively; inter-assay cv % 2.91, 1.79, and 1.09 for normal, 
intermediate, and high concentrations, respectively). The 
homeostasis model was used to assess insulin resistance 
(HOMA-IR). The formula for HOMA-IR is as follows: insulin 
resistance (HOMA-IR) = (fasting insulin [mU/1 x fasting 
glucose [mg/dl])/405 (20). 

Anthropometric measurements and MetS 
definition 

Height (centimeters) and weight (kilograms) were mea- 
sured with the subjects wearing light clothing and no shoes. 
BMI (kilograms per square meter) was calculated. WC was 
assessed at the midpoint between the 12th rib and the iliac 
crest, while hip circumference was measured at the level of 
the greater trochanter. WC/HC and WC/ht were then 
calculated. CC was measured at the widest level while the 
subject was standing upright. MUAC was measured at the 
midpoint between the acromion process and olecranon 
while the palm was held upward parallel to the floor with 
flexion of the elbow near the body. FC was measured from 
the widest level while the arm was hanging freely at the 
side. 

MetS is defined based on the presence of three or more of 
the following criteria: abdominal obesity with waist 
circumference >94 cm for men or >80 cm for women (2), 
triglycerides >150 mg/dl (3), HDL-cholesterol <40 mg/dl 
for men or <50 mg/ dl for women (4), blood pressure 
>130/85 mmHg, and (5) fasting glucose >100 mg/dl (2). 

Body composition measurements 

Bioelectric impedance (Omron BF 510 body composition 
monitor, Kyoto, Japan) was used to calculate percent body 
fat using the following equation: body fat percentage (%) = 
(body fat mass [kg] /body weight [kg]) x 100. Visceral fat is 
represented as levels, and skeletal muscle is shown as a 
percentage. 

Statistics 

The statistical analyses were performed using the 
Number Cruncher Statistical System (NCSS) 2007 & PASS 
2008 Statistical Software (Utah, USA) programs. The 
variables were investigated using graphs (histograms and 
probability plots), and the Kolmogorov-Smirnov test was 
used as an analytic method to determine whether the 
variables were normally distributed. For data analysis, 
descriptive methods (mean, standard deviation, frequency) 
were applied. Descriptive statistics are given as means + 
SD. Categorical data are represented as numbers and 
percentages. To compare between-group parameters that 
show normal distribution. Student's t test was used. 
Receiver operating characteristic (ROC) curves were con- 
structed, and the areas under the curve (AUC) were 
calculated with a 95% confidence interval. Pearson's 
coefficient was used for continuous variables with normal 
distribution. Logistic regression analysis was used to 
evaluate the independent predictors of MetS. A value of 
j!:7<0.05 indicated statistical significance. 

■ RESULTS 

The descriptive characteristics of the study population are 
presented in Table 1. Comparing the subjects with MetS to 
the subjects without MetS, there were significant differences 
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Table 1 - Descriptive characteristics, anthroponnetric indices, body connposition, and nnetabolic risk paranneters of the 
study population with and without MetS. n, (%), mean ± SD. 

With MetS Without MetS 

Total Females Males Total Females Males 



n(%) 


199 (100%) 


167 (88.9%) 


32 (11.1%) 


188 (100%) 


173 (92.0%) 


1 5 (8.0%) 


Age (years) 


41.98 + 10.9** 


42.8+10.4** 


37.63 + 12.5 


35.38+11.0 


35.49 + 10.9 


34.13 + 12.3 


BMI(kg/m2) 
BEI 

BF(%) 


34.61 +4.4 


34.72 + 5.6** 


34.07 + 3.5 


32.10 + 4.3 


31.88 + 4.2 


34.63 + 4.4 


45.17 + 6.3 


47.1 +4.6** 


35.10 + 4.0 


44.73 + 5.2 


45.53 + 4.4 


35.48 + 5.1 


VF 


11.08 + 3.4** 


10.11+2.2** 


16.13 + 3.9 


8.85 + 3.1 


8.21 +2.1 


16.20 + 3.0 


M(%) 


24.47 + 3.1 


23.46 + 2.1 


29.71+2.0 


24.39 + 2.6 


23.88+1.9 


30.30 + 2.4 


Anthropometric 














measurements 














WC(cm) 


105.58 + 10.3** 


103.76 + 9.5** 


115.06 + 8.8 


98.87 + 11.6 


97.47 + 10.6 


115.00+11.3 


HC(cm) 


115.58 + 8.4 


115.89 + 8.5** 


113.97 + 7.9 


113.45 + 8.3 


113.50 + 8.4 


112.93 + 7.8 


MUAC(cm) 


36.28 + 3.2** 


36.25 + 3.5** 


36.44 + 2.4 


34.68 + 3.7 


34.43 + 3.6 


37.36 + 3.6 


FC(cm) 


28.49 + 2.25** 


28.13 + 2.1** 


30.41 + 1.8 


27.35 + 2.5 


27.06 + 2.4 


30.50+1.4 


CC(cm) 


41.74 + 3.9 


41.58 + 3.9 


42.59 + 4.01 


41.00 + 3.4 


40.85 + 3.4 


42.57 + 3.2 


WQht 


0.65 + 0.06** 


0.65 + 0.06** 


0.66 + 0.05 


0.60 + 0.06 


0.60 + 0.07 


0.65 + 0.04 


WQHC 


0.92 + 0.08** 


0.90 + 0.07** 


1.01+0.06 


0.87 + 0.09 


0.86 + 0.07 


1.02 + 0.08 


SBP(mmHg) 


140.68 + 18.7** 


141.00+18.7** 


139.00+18.7** 


128.75+16.0 


129.02 + 16.6 


125.67 + 7.42 


DBP(mmHg) 


85.53 + 10.7 ** 


85.77 + 10.4** 


84.28+12.4 


80.30+10.2 


80.47+10.3 


78.33 + 8.2 


Glucose(mg/dl) 


102.05 + 28.9** 


101.54 + 26.7** 


104.66 + 38.5* 


88.70 + 7.7 


88.67 + 7.7 


89.00 + 7.1 


lnsulin(|x|i/ml) 


12.08 + 6.8** 


11.69 + 6.7** 


14.09 + 6.8 


9.13 + 5.0 


8.58 + 3.9 


15.39 + 10.2 


HOMA-IR 


3.09 + 2.2** 


2.97 + 2.1** 


3.71+2.4 


2.01 + 1.2 


1.88 + 0.9 


3,38 + 2,4 


Uric acid(mg/dl) 


4.93 + 1.3** 


4.62 + 1.1** 


6.58+1,1 


4.34+1.2 


4.16+1.0 


6.37 + 0.9 


HDL-C(mg/dl) 


47.63 + 11.8** 


48.56+12.3** 


42.78 + 6.8 


55.16+10.9 


56.17 + 10.6 


43.47 + 7.2 


TG(mg/dl) 


183.55 + 87.7** 


172.24 + 72.9* 


242.59+127.8* 


108.55 + 42.8 


104.51 +33.4 


155.13 + 91.2 


HbA1c(%) 


5.92 + 0.8** 


5.91+0.7** 


5.99+1.2 


5.52 + 0.3 


5.51+0.3 


5.53 + 0.3 



student's t test. 

*p<0-05; **p<0.01 for differences in the total study population and within gender between the MetS and without MetS groups. BMI, body mass index; 
BEI-BF, total body fat; BEI-VF, visceral fat; BEI-M, muscle; WC, waist circumference; HC, hip circumference; MUAC, mid-upper arm circumference; FC, 
forearm circumference; CC, calf circumference; W/ht, waist-to-height ratio; W/H, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride. 



in age and BEI-BF, with higher values for both variables at 
the women with MetS, whereas HDL-C values were lower. 
For SBP, fasting plasma glucose and higher mean TG values 
were found in the men with MetS. The mean values for age, 
BEI-VF, WC, HC, MUAC, FC, WC/height, WC/HC, SBP, 
DBP, fasting plasma glucose, insulin, HOMA-IR, uric acid, 
TG, and HbAlc were significantly higher and HDL-C was 
lower in the subjects with MetS (Table 1). 

In the subjects with and without MetS, body composition 
was correlated with some of the anthropometric measure- 
ments to various degrees. BEI-BF was positively correlated 
with HC, MUAC, CC, and WC/ht in subjects with and 
without MetS and negatively correlated with WC/HC in the 
subjects with MetS. However, BEI-BF was correlated with 
WC only in the subjects without MetS. BEI-VF was 
positively correlated with WC, MUAC, FC, CC, WC/ht, 
and WC/HC in the subjects with and without MetS. BELVF 
was also strongly correlated with CC in the subjects without 
MetS. BEI-VF was reflected equally well by MUAC and 
WC/ht, and it was even more strongly correlated with WC 
in the subjects with MetS. BEI-M was negatively correlated 
with HC and WC/ht in the subjects with and without MetS, 
but it was positively correlated with WC and FC only in the 
subjects with MetS. BEI-M was negatively correlated with 
CC only in the subjects without MetS. WC/HC was 
correlated with BEI-M in both groups (Table 2). 

In Figure 1, the anthropometric measurements' accuracy 
for diagnosing MetS is compared using plots of the ROC 
curves. The AUC value for WC/ht was slightly higher than 
were the AUC values for WC, WC/HC, FC, MUAC, and HC 



(0.67, 0.65, 0.63, 0.63, 0.62, and 0.58, respectively). The 
sensitivity, specificity, positive predictive value, and nega- 
tive predictive values of the anthropometric measurements 
were as follows: 4.26%, 99.5%, 52.38%, and 88.89%, 
respectively, for WC; 48.94%, 67.34%, 58.26%, and 58.60% 
for HC; 40.24%, 78.70%, 57.58%, and 64.71% for MUAC; 
39.63%, 84.62%, 59.09%, and 7L43% for FC; 35.98%, 72.78%, 
53.95%, and 56.19% for CC; 58.51%, 72.86%, 65.02%, and 
67.07% for WC/ht; and 62.23%, 66.33%, 65.02%, and 63.59 
for WC/HC. ROC curves related to body composition 
revealed that BEI-VF was the best predictor (other than 
body composition) of MetS (AUC, 0.72; Figure 2). In terms of 
body composition measurements, the sensitivity, specificity, 
positive predictive value and negative predictive values, 
respectively, were as follows: 56.38%, 54.04%, 56.61%, and 
53.81% for BEI-BF; 71.81%, 64.14%, 70.56%, and 65.53% for 
BEI-VF; and 46.28%, 49.49%, 49.25%, and 46.52% for BEI-M. 

Table 3 summarizes the logistic regression analysis results 
for BELBF, BEI-VF, BEI-M, WC, HC, MUAC, FC, CC, WC/ 
ht, and WC/HC as independent variables for MetS. BEI-VF, 
HC, FC, and WC/HC increased the risk of MetS 2.19 (95% 
CI, 1.30-3.71), 1.89 (95% CI, 1.89-1.07), 2.47 (95% CI, 1.24- 
4.95), and 2.11 (95% CI, 1.26-3.53) times, respectively. CC 
was close to significance, but it was not significant enough 
to increase the risk of MetS. 

■ DISCUSSION 

The main finding of our study suggests that in an obese 
population, BEI-VF, HC, FC, and WC/HC are associated 
with MetS to varying degrees. As a direct measure of 
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Table 2 - Pearson's correlation coefficients between anthroponnetric nneasurennents and body connposition in subjects 
with and without MetS. 



p 


Anthropometric measurements 


BEI-BF 


BEI-VF 


BEI-M 






r 


r 


r 


With MetS (n = 199) 


WC 


-0.051 


0.611** 


0.151* 




HC 


0.498** 


0.139 


-0.363** 




MUAC 


0.232** 


0.301** 


-0.102 




FC 


-0.088 


0.494** 


0.223** 




cc 


0.213** 


0.186* 


-0.069 




WC/ht 


0.307** 


0.397** 


-0.218** 




WC/HC 


-0.444** 


0.516** 


0.441** 


Without MetS (n = 188) 


WC 


0.288** 


0.666** 


-0.059 




HC 


0.609** 


0.288** 


-0.405** 




MUAC 


0.345** 


0.516** 


-0.114 




FC 


0.148 


0.553** 


0.073 




CC 


0.378** 


0.323** 


-0.166* 




WC/ht 


0.451** 


0.592** 


-0.229** 




WC/HC 


-0.119 


0.608** 


0.250** 



r: Pearson's correlation coefficient **p<0.01 *p<0.05. 

WC, waist circumference; HC, hip circumference; MUAC, mid-upper arm circumference; FC, forearm circumference; CC, calf circumference; WC/ht, waist- 
to-height ratio; WC/HC, waist-to-hip ratio; BEI-BF, total body fat; BEI-VF, visceral fat; BEI-M, muscle. 



ROC Curve 




0.0 02 0.4 0.6 0.8 1.0 

1 - Specificity 



Figure 1 - Receiver-operating characteristic curves of anthroponnetric measurements. WC: waist circumference; HC: hip circumferance; 
MUAC: mid upper arm circumferance; FC: forearm circumferance; CC: calf circumferance; WC/ht: waist-to-height ratio; WC/HC: waist- 
to-hip ratio. 
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ROC Curve 




1 - Specificity 

Figure 2 - Receiver-operating characteristic curves of body composition. BEI-BF: total body fat; BEI-VF: viseral fat; BEI-M: muscle. 

that directly discussed these results as related to unusual 
anthropometric measurements, such as MUAC, FC, and CC. 
WC is the main feature of MetS, according to the IDF. 
However, TuUoch-Reid et al. found that body fat distribu- 
tion and other general obesity measures are less important 
in predicting type 2 diabetes mellitus in male subjects with 
high BMIs (21). When the BMI is >30 kg/m^ WC/ht and 
WC lose their ability to indicate MetS in men. The San 
Antonio study concluded that body fat distribution was 
more strongly related to diabetes risk in subjects with BMIs 
<27 kg/m^ compared with subjects with BMIs >27 kg/m^ 
(22). Different methods, such as air displacement plethys- 
mography, dual energy X-ray absorptiometry, and bioelec- 
trical impedance analysis, were used to determine body 
composition (21,23-25). However, there have been some 
discussions about the inaccuracy of the methods for 
assessing body composition. In the case of intra-abdominal 
fat distribution, different methods, such as computed 
tomography and magnetic resonance imaging, have been 
found to more accurately determine visceral fat and 
metabolic risk (26,27). However, high cost and radiation 
exposure limit the use of such methods in large epidemio- 
logical studies and daily medical practice. 

Alternative methods have been developed to measure 
metabolic risk and different body composition; for example. 



extremity circumference, FC was closely related to BEI-VF, 
HC, and WC/HC as an indicator of MetS. We believe that 
the current study is the first to associate this unusual 
anthropometric index with MetS. We did not find a study 



Table 3 - Results of logistic regression analysis using 
anthropometric measurements and body composition. 





p-value 


ODDS 


Lower 


95% CI 

Upper 


BEI-BF 


0.594 


1.158 


0.675 


1.99 


BEI-VF 


0.003** 


2.198 


1.303 


3.71 


BEI-M 


0.939 


1.034 


0.441 


2.42 


WC 


0.544 


1.952 


0.225 


16.96 


HC 


0.042* 


1.897 


1.071 


3.35 


MUAC 


0.952 


0.976 


0.445 


2.14 


FC 


0.010* 


2.474 


1.247 


4.95 


CC 


0.071 


0.523 


0.258 


1.06 


WGht 


0.702 


1.139 


0.586 


2.21 


WQHC 


0.004** 


2.111 


1.262 


3.53 



*p<0.05; **p<0.01. 

BEI-BF, total body fat; BEI-VF, visceral fat; BEI-M, muscle; WC, waist 
circumference; HC, hip circumference; MUAC, mid-upper arm 
circumference; FC, forearm circumference; CC, calf circumference; WC/ht, 
waist-to-height ratio; WC/HC, waist-to-hip ratio. 
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Aeberli et al. used skinfold thickness to determine % body 
fat (28). These currently accepted methods for defining and 
measuring body composition, is not definitely determined. 
Impractical methods that measure the circumferences of two 
different anatomic areas and divide the circumferences, 
such as WC/HC, are time consuming in daily medical 
practice. Although BEI-VF, HC, and WC/HC are currently 
accepted measurements for predicting MetS, we found that 
FC is powerfully associated with MetS, particularly in an 
obese population. Based on these conclusions, different 
anthropometric and body composition measurements are 
associated with MetS, particularly in an obese population. 

The accuracy of anthropometric measurements and body 
composition as predictors of MetS were compared using the 
plots of ROC curves (Figures 1-2). The AUCs of different 
anthropometric measurements were in a somewhat similar 
range, with the exception of CC. This result is in accordance 
with two prospective studies showing that WC and WC/ht 
performed equally well in their ability to predict type 2 
diabetes in Pima Indians (21,25). Hsieh et al. found that 
WC/ht was a practical and simple anthropometric measure- 
ment for identifying subjects of both genders with higher 
metabolic risk (29). In a multiethnic study, WC/ht was the 
most predictive measure of type 2 diabetes, followed by 
BMI, although central measurements appeared to predict 
type 2 diabetes in an African American group (18). He et al. 
found that WC/ht was useful for screening MetS in Chinese 
women, particularly those older than 70 years (30). This 
close association between WC/ht and MetS might be 
explained by the inverse relationship between height and 
coronary heart disease in middle-aged men, which was 
independent of BMI and WC/HC (31). Bosy-Westphal et al. 
associated WC/ht with MetS and related their results to WC 
as a risk factor and height as a protective factor that 
compensates for body composition (supposing that fat-free 
mass or muscle mass was reflected by height) (23). 

In subjects with MetS, as BEI-BF increases, WC/HC 
decreases. This result is supported by the results of a study 
showing that WC is strongly correlated with visceral fat 
tissue and subcutaneous fat accumulation (17). Although 
WC/HC is the index that is most frequently used to report 
the regional distribution of body fat, in epidemiological 
studies, it is important to be cautious when using WC/HC 
as an indicator of visceral fat accumulation because of its 
inability to assess changes in visceral fat quantity during 
weight loss or gain (32). 

WC increases as BEI-BF increases and reflects BEI-BF 
moderately only in subjects without MetS. Furthermore, the 
other anthropometric measurements were correlated with 
BEI-BF with different degrees of FC and WC/HC. 

HC had a moderately positive correlation with BEI-VF 
only in the subjects without MetS, whereas all other 
anthropometric measurements were positively correlated 
with BEI-VF in subjects with and without MetS. The positive 
correlation of HC with BEI-VF could be explained by the 
protective effect that a wider HC has on high VF levels in 
subjects without MetS. HC could overcome the negative 
metabolic effects of VF. 

BEI-M had a weak correlation with WC and FC only in 
the subjects with MetS, while CC was negatively correlated 
with BEI-M in the subjects without MetS. At a given WC, 
the mortality rate ratio decreased as BMI increased. This 
decrease was noteworthy at lower WCs and was weaker at 
higher WCs. WC was only weakly reflected by BEI-M, 



which could be explained by the protective effect of a high 
BMI, which may be caused by a higher absolute amount of 
lean body mass in relation to visceral adipose tissue, as 
reflected by WC. 

In conclusion, as an unusual anthropometric measure- 
ment, FC was associated with MetS, BEI-VF, HC, and WC/ 
HC in obese and overweight subjects. 

This study has some limitations. First, a larger sample size 
would result in more significant and meaningful findings, 
particularly in regard to other unusual anthropometric 
measurements. Second, methods other than bioelectrical 
impedance analysis should be used to assess body composi- 
tion. Despite the inaccuracies of impedance measurements, 
some studies have used them to evaluate body composition 
(21,25). 
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